This experiment aimed to study the efficacy of different nitrogen (N) management approaches in winter rice. The experiment consisted of two rice varieties: 1) BRRI (Bangladesh Rice Research Institute) dhan29-an inbred and 2) Dhanigold-a hybrid, and eight N management approaches: 1) BRRI recommended N (control), 2) Soil analysis based N management 
Introduction
Rice (Oryza sativa L.) is the staple food of Bangladesh occupying a very significant position in its agriculture and plays a vital role in the livelihood of her people. Bangladesh is now producing about 32.6 million tons of rough rice to feed her 159.5 million people [1] . Among three rice groups of Bangladesh, winter rice (locally known as "boro rice") covers 6.74 million hectares, which is 54.97% of total rice area with production of 14.89 million tons [2] . The increased rice production in last few decades has been possible largely due to the adoption of modern rice varieties on around 66% of the rice land, which contributes to about 73% of the country's total rice production [3] . Due to high population pressure, horizontal expansion of land is not possible. Therefore, increasing yield per unit area is the only means to meet food demand of the nation. Among the various factors responsible for increasing yield along with its quality, fertilizer management (especially nitrogenous fertilizer) is of paramount importance.
Under Bangladesh context, rice plants respond significantly to the application of nitrogenous fertilizers, since the soil all over the country lacks sufficient amount of nitrogen (N) due to low organic matter content and insufficient replenishment of N losses as well. In Bangladesh, the most commonly practiced method of applying nitrogenous fertilizer in rice is a basal application of prilled urea before transplanting followed by one or two top-dressings in the floodwater within 3 -5 weeks after transplanting. Many studies found these practices inefficient since generally only about one-third of the applied N fertilizer through this method is used by plants and most of it goes under severe losses when applied as inorganic source in puddled field [4] . The consequence of high N application is high pesticide use to control pests, more expenditure on pesticides, and reduced yield and poor grain quality due to lodging [5] . It is, therefore, essential to find out the suitable rate of N fertilizer with proper method of application and source for efficient utilization of this element by the crop plants for better yield performance and higher profitability.
According to Bangladesh Rice Research Institute (BRRI) recommendation, fixed rate of nitrogenous fertilizer is applied at certain times for a particular rice variety growing in a large area. This approach has served its purpose in producing good yields, but it is limited in its capacity to increase nutrient use efficiency. Deep placement of Urea Super Granules (USG) at 10 cm depth is another way to reduce N loss by increasing its efficiency for better grain production [6] . Gener-ally, each soil has its inherent nutrient supplying capacity. Thus, soil analysis can be an effective means for location specific and yield goal basis fertilizer recommendation. However, soil test based recommendations remain ignorant about the dynamics of nutrient release from crop residues, organic manures and irrigation water, and hence has not been found very successful in rice. Moreover, the fertility status of soils of different Agro-Ecological Zones (AEZ) of Bangladesh differs from each other. Thus, AEZ based nutrient management is another technique especially for efficient N management although this method does not take into account the high field-to-field variability.
Rice plant requires different amounts of nutrients in different fields, depending on native nutrient supply and crop demand. Excess nutrient application compared to the crop requirement may cause toxicity whereas lower amounts may cause nutrient mining. To increase nutrient use efficiency, the only mantra is to congruence of N supply and crop demand. This is possible with the chlorophyll meter (Silicon photon activate diode or SPAD) and leaf colour chart (LCC) techniques. The SPAD meter is a tool that enables to determine the relative amount of chlorophyll content by measuring leaf greenness [7] . Since chlorophyll content is strongly related to N concentration, SPAD meters can be used as the indicator of need based N application [8] [9] . On the other hand, LCC is an inexpensive and simple tool for monitoring the relative greenness of a rice leaf as an indicator of the leaf N status [10] [11] . It allows farmers to understand whether or not urea is needed by the crop at any point of rice growing, thus helps in improving decisions on both timing and quantity of urea application.
Thus, LCC based N management can increase the mean grain yield, ensures vigorous growth of crop plants and also reduces the loss of nitrogenous fertilizers [5] .
However, under the present context of very low use efficiency of urea fertilizer in Bangladesh, it is very important to find out the appropriate form and method of nitrogenous fertilizer application for improving the yield of puddled transplanted winter rice. Hence, current research was undertaken to compare the performance of different N management approaches in terms of productivity of hybrid and inbred winter rice varieties, and to find out the most efficient and cost-effective N management approach for increasing grain yield of winter rice.
Materials and Methods

Experimental Site and Soil
The experiment was carried out at the Agronomy Field Laboratory (90˚25'35. 
Experimental Treatments and Design
The experiment was laid out in a randomized complete block design with three replications consisting of two rice varieties; 1) BRRI dhan29-an inbred and 2)
Dhani gold-a hybrid; and eight N management approaches; 1) BRRI recom- 
Crop Husbandry
Forty days old seedlings were transplanted in the puddled field using two seedl- 
Data Collection
Five hills (excluding border hills) were randomly selected from each unit plot prior to harvest for recording data on different yield components and yield of rice. 
Statistical Analysis
Data obtained were analyzed by MSTAT-Cstatistical computer package program using the "Analysis of variance" technique at 5% level of significance and mean differences was adjudged by Duncan's Multiple Range Test (DMRT) [12] .
Results and Discussion
Effect of Variety and N Management Approaches on Rice Productivity
Variety, N management approaches and their interactions had significant influence on most of the yield contributing characters except panicle length and yield of winter rice ( Table 1 and Table 2 ). However, varietal effect was insignificant on harvest index, and N management approaches on 1000-grain weight. Hybrid
Dhani gold produced higher number of effective tillers 
Efficiency and Economics of Nitrogen Use
Among different N management approaches studied in the experiment, few showed considerable better performance in respect of efficient N management and yield maximization compared to the existing BRRI recommended varietal N management approach (control) in winter rice (Table 3) •N for BRRI dhan29 and Dhani gold, respectively) and did not gave the highest grain yield for BRRI dhan29. Among all the treatments, the highest amount of grain yield (7.34 t•ha •N) ( Table 3) . With USG application about 58% N was saved but the grain yield wad decreased by 3.85% for BRRI dhan29 and increased by 13.88% for Dhani gold over control.
The cost for required amount of nitrogenous fertilizer (urea) ha (Table 4 ) and moderate yield (Table 3) . N. A. Jahan et al. 
Conclusion
To conclude, SPAD or LCC based approach for N management in rice seems more effective than the existing BRRI recommended N management approach, and the performances of different N management approaches differ with rice varieties. ue can provide maximum grain yield with efficient and cost-effective N management. However, this conclusion is limited to the specific experimental site, varieties and season. Additional site-specific and multi-year research on this aspect is to be conducted to draw a final conclusion for determining best N management approach for a specific rice variety to achieve the maximum benefit.
